We investigate the ωσγ-vertex and estimate the coupling constant g ωσγ in the framework of the light cone QCD sum rules. We compare our result with the values of this coupling constant deduced from a phenomenological analysis of ω → ππγ decays.
The determination of the hadronic observables from experimental data, such as coupling constants and form factors, requires physics information at large distances. However, such information cannot be obtained directly from the fundamental QCD Lagrangian in this nonperturbative domain. Among the various nonperturbative methods, traditional QCD sum rules [1] have proved very useful in studying the properties of low-lying hadrons. Further progress has been achieved by an alternative method known as the QCD sum rules on the light cone [2] [3] [4] [5] based on the operator product expansion on the light cone, which is an expansion over the twist of the operators rather than dimensions as in the traditional QCD sum rules. In this expansion, the lowest twist operators provide the main contribution and the matrix elements of the nonlocal operators between a hadronic state and the vacuum define the hadronic wave functions that are the principle nonperturbative inputs into the sum rules. In the present work, we employ the light cone QCD sum rules to study the ωσγ-vertex and we estimate the coupling constant g ωσγ .
The low-mass scalar mesons have fundamental importance in the phenomenology of low energy QCD and from the point of view of hadron spectroscopy. Over the years, experimental evidence has accumulated for their existence [6, 7] and different proposals about their nature and about their quark substructure have been put forward. At present, whether they are conventionalstates [8] , ππ, KK molecules [9] , or multiquark q 2 q 2 states [10] is still a subject of debate. On the other hand, they are relevant hadronic degrees of freedom, and therefore the role they play in hadronic processes should also be studied besides the questions of their nature.
The ωσγ-vertex has importance in different areas of hadron physics. In the calculation of the electromagnetic form factors of the deuteron, ωσγ-vertex plays a special role [11] . The ωσγ-exchange current compensates the large effect of the ρσγ-exchange current contribution which is commonly included in calculations of elastic electron-deuteron scattering, and therefore the knowledge of the coupling constant g ωσγ is essential in such studies. Furthermore, at low energies near threshold in the electromagnetic production reactions of vector mesons on nucleon targets, scalar and pseudoscalar meson exchange mechanisms become important [12] , and in particular the coupling constant g ωσγ may be needed as a physical input for the studies of photoproduction of ω-mesons on nucleons near threshold.
In order to study the ωσγ-vertex and to estimate the coupling constant g ωσγ , we consider the two point correlation function with photon
where
are the interpolating currents for for ω and σ mesons with u and d denoting up and down quark fields, respectively, and a, b are the color indices. The overlap amplitudes of these interpolating currents with the meson states are defined as
where u µ is the polarization vector of ω meson. The coupling constant g ωσγ is defined through the effective Lagrangian
describing the ωσγ-vertex [12] . The electronic decay width of ω meson, neglecting the electron mass is given as
2 , using the experimental value of the decay width Γ(ω → e + e − ) = (0.60 ± 0.02) KeV of ω meson [6] , we determine the overlap amplitude λ ω of ω meson as λ ω = (0.108 ± 0.003) GeV 2 . In a previous work, we estimated the overlap amplitude λ σ employing a QCD sum rule analysis of the scalar current by considering the two-point scalar current correlation function as λ σ = (0.12 ± 0.03) GeV 2 [13] since this amplitude is not available experimentally. The < σγ|ω > matrix element, using Eq. 3, can be written as
is the polarization vector of the photon, and K(q 2 ) is a form factor with K(0)=1.
The theoretical part of the sum rule for the coupling constant g ωσγ is obtained in terms of QCD degrees of freedom by calculating the two point correlator in the deep Euclidean region where p 2 and (p + q) 2 are large and negative. In this calculation the full light propagator with both perturbative and nonperturbative contributions is used, and it is given as [14] iS(
where terms proportional to light quark mass m u or m d are neglected. After a straightforward computation we obtain
where the parameter χ is the magnetic susceptibility of the quark condensate and e q is the quark charge, φ(u) stand for the leading twist-2 photon wave function, while g 1 (u) and g 2 (u) are the two-particle photon wave functions of twist-4. In the further analysis the path ordered gauge factor is omitted since we work in the fixed point gauge [18] . The two point function T µ (p, q) satisfies a dispersion relation and we saturate this dispersion relation by inserting a complete set of one hadron states into the correlation function. This way we construct the phenomenological part of the two point correlation function as
where the contributions from the higher states and the continuum starting from some threshold s 0 are denoted by dots. In order to take these contributions into account we invoke the quark-hadron duality prescription and replace the hadron spectral density with the spectral density calculated in QCD. In accordance with the QCD sum rules method strategy, we then equate the two representations of the two point correlation function, theoretical and phenomenological, and construct the corresponding sum rule for the coupling constant g ωσγ . After evaluating the Fourier transform and then performing the double Borel transformation with respect to the variables Q
we finally obtain the following sum rule for the coupling constant g ωσγ
where the function f 0 (s 0 /M 2 ) = 1 − e −s 0 /M 2 is the factor used to subtract the continuum, s 0 being the continuum threshold, and
with M 2 1 and M 2 2 are the Borel parameters. The various parameters we adopt for the numerical evaluation of the sum rule for the coupling constant g ωσγ are < uu >= (−0.014±0.002) GeV 3 [19] for the vacuum condensate, and χ = −4.4 GeV −2 [16, 20] for the magnetic susceptibility of the quark condensate, λ ω = (0.0108 ± 0.003) GeV 2 as determined from the experimental electronic decay width of ω meson as discussed above, λ σ = (0.12±0.03) GeV 2 which was determined using QCD sum rules method [13] , and m ω = 0.782 GeV , m σ = 0.5 GeV . The leading twist-2 photon wave function is given as φ(u) = 6u(1 − u) and the two-particle photon wave function of twist-4 is given by the expression g 1 (u) = −(1/8)(1 − u)(3 − u) [16] . We then study the dependence of the sum rule for the coupling constant g ωσγ on the continuum threshold s 0 and on the Borel In a previous work [22] , we studied the ω → ππγ decays by adding the amplitude of σ-meson intermediate state to the amplitude calculated within the framework of chiral perturbation theory and vector meson dominance. We used the experimental value for the decay rate Γ(ω → π 0 π 0 γ) and we calculated the coupling constant g ωσγ as a function of the σ meson parameters m σ and Γ σ . If we use the values for these parameters the values m σ = 478 MeV and Γ σ = 324 MeV as suggested by the Fermilab E791 Collaboration [7] , we then obtain the coupling constant g ωσγ in the framework of this phenomenological analysis as g ωσγ = 0.13 and g ωσγ = −0.27, since the theoretical calculation of the decay rate results in a quadratic expression for the coupling constant g ωσγ . We note that these values are consistent with the interval of values for this coupling constant that we deduced from the experimental upper limit of the Γ(ω → π + π − γ) decay rate which is 1.20 > g ωσγ > −1.34 for the above values of the σ meson parameters [22] . The result of our present calculation
